1. Introduction
===============

The adequate number of retrieved oocytes is an important prerequisite for the success of in vitro fertilization (IVF) treatment. As early as 2011, Sunkara SK et al^\[[@R1]\]^ indicated in their retrospective analysis of more than 400,000 cases of IVF cycles that the number of retrieved oocytes might be used as an independent predictor of the live birth rate of the treatment cycle; thus, the number of retrieved oocytes might directly determine the IVF treatment success rate.^\[[@R2]\]^

For infertile women \>35 years, particularly those with apparent diminished ovarian reserve (DOR), physicians and the patients themselves have certain psychological expectations with regard to the number of retrieved oocytes. That is, physicians and patients generally concur and are adequately psychologically prepared with regard to the influence of too few retrieved oocytes in the assisted reproduction treatment.^\[[@R3]--[@R5]\]^ Therefore, both physicians and patients could accept the termination of assisted reproduction in cases of unavailable embryos due to an insufficient number of retrieved oocytes. Patients \>35 years with poor ovarian responses to controlled ovarian hyperstimulation (COH) and too few retrieved oocytes are generally considered to have expected poor ovarian responses.^\[[@R6]\]^ However, for women \<35 years with normal ovarian reserve function, both physicians and patients often lack adequate psychological preparation for a poor ovarian response, particularly in patients undergoing the assisted reproduction treatment (ART) for the first time, who may lack additional reference information with regard to the response to COH.^\[[@R7]\]^ Furthermore, such a response may cause other serious difficulties and increased psychological pressure for the couples. Therefore, patients with normal ovarian reserve below age 35 years with poor ovarian responses to COH and too few retrieved oocytes are considered to have unexpected poor ovarian responses (UPOR).

Currently, clinicians lack sufficient data to answer questions regarding the odds of an UPOR when they encounter the couples undergoing IVF/ICSI treatment for the first time and the wives have a normal ovarian reserve to accept a regular COH protocol; whether an UPOR realistically affects the therapeutic outcomes of these patients; and what might be the probability of pregnancy in couples with an UPOR. Therefore, a retrospective study was conducted in patients \<35 years who had normal ovarian reserve function and had accepted ART for the first time to address these questions.

2. Materials and methods
========================

2.1. Inclusion criteria
-----------------------

The inclusion criteria were as follows:

1.  infertile women aged 25--35 years who presented at our center from January 2014 to December 2015;

2.  patients with normal ovarian reserve (follicle-stimulating hormone (FSH) \<10 mIU/ml on the second day of the menstrual cycle with a 2- to 9-mm antral follicle count (AFC) of no less than 5^\[[@R8],[@R9]\]^); and

3.  infertile women who first underwent in vitro fertilization and embryo transfer (IVF-ET) or intracytoplasmic sperm injection (ICSI) due to a factor of fallopian tube or a factor of seminal fluid or those with primary infertility had already gone through more than two failed artificial insemination of husband semen.

### 2.1.1. Exclusion criteria

The exclusion criteria were infertile women with polycystic ovary syndrome or other ovulatory disorders.

2.2. Intervention method
------------------------

All patients were treated according to the standard gonadotrophin stimulation protocol using a short-acting gonadotropin-releasing hormone agonist (GnRH-α, Decapeptyl, Ferring, Switzerland). GnRH-α was administered at 0.1 mg/d from the middle luteal phase of the last menstrual cycle to desensitize the pituitary gland. Recombinant follicle-stimulating hormone (rFSH, Gonal-F, Merck Serono, Switzerland) was given at an initial dose of 150--225 U to promote ovulation when the downregulation criteria were satisfied. Human menopausal gonadotropin (HMG, Livzon Group) was administered at 75--150 U/d based on follicular development, which was monitored by transvaginal B ultrasound (TVS). An intramuscular injection of human chorionic gonadotropin (hCG, Livzon Group) at 5000--10,000 U was administered during the night when the follicles ≥18 mm in diameter accounted for more than half of those ≥14 mm, and the average estradiol level of the follicles ≥14 mm in diameter was not less than 200 pg/ml. Ultrasound-guided puncture was conducted for oocyte retrieval approximately 36 h later. All oocyte retrieval and embryo transplantation surgeries were performed by the same experienced surgeon. The number of transplanted embryos was no more than 3 each time and was generally 2. All frozen embryos were using the vitrification cryopreservation method, and this step was performed by the same embryologist. An intramuscular injection of progesterone (80 mg/d; Zhejiang Xiangju Pharmaceutical Co., Ltd) was given for luteal support.

2.3. Grouping
-------------

All women were divided into different groups based on the retrieved oocyte number: ≤3, 4--6, 7--9, 10--12, 13--15, 16--18, 19--21, 22--24 and ≥25. The preliminary analysis was based on the clinical pregnancy rate of fresh transfer cycle and the cycle cancellation rate. If it was necessary, the women would be regrouped, and further statistical analysis would be mainly conducted with the reclassified groups.

2.4. Observational indexes
--------------------------

The observational indexes were the retrieved oocyte number, clinical pregnancy rate of fresh transfer cycle (number of clinical pregnancies from fresh cycles/number of fresh transfer cycles), fresh cycle cancellation rate (number of canceled fresh transfer cycles/number of initiated cycles), cumulative clinical pregnancy rate (total cases of clinical pregnancy/total cases), cumulative abortion rate (total cases of spontaneous abortion/total cases of clinical pregnancy), cumulative live birth rate (total cases of live birth/total cases), basic Follicle-stimulating hormone (FSH), basic luteinizing hormone (LH), and antral follicle count (AFC).

2.5. Determination of observational indexes
-------------------------------------------

Follicle diameter was measured by TVS as the mean of the vertical and horizontal diameters on the maximal surface of the follicle. Hormone levels were determined using chemiluminescence methods.

2.6. Statistical analysis
-------------------------

All statistical analyses were conducted using SAS 9.3 statistical software. Non-normally distributed quantitative data are presented as the median (interquartile range) \[M(Q)\], and groups were compared using the rank sum test. Normally distributed quantitative data are presented as the mean ± standard deviation (X ± SD), and groups were compared by analysis of variance. Rates were compared using the chi-square test. *P* \< .05 indicated a statistically significant difference.

The study was approved by the Medical Ethics Committee of Chengdu University of Traditional Chinese Medicine (No. 2011-3).

3. Results
==========

3.1. Comparison of basic trends
-------------------------------

A total of 567 patients were included in this study. All the patients for the first time underwent assisted reproductive treatment. The average age of patients was 29.99 ± 2.71 years (25--35 years) and the median of Sterile time was 4 (0.33--15) years. In 34 cases, the number of retrieved oocytes was between 0 and 3, accounting for 5.99% of the patients; additionally, in 86 cases, the number of retrieved oocytes was between 4 and 6, accounting for 15.17% of the patients, and in 120 cases, the number of retrieved oocytes was less than 7, accounting for 21.16% of the patients. The number of cases, clinical pregnancy rate of fresh transfer cycles, and the fresh cycle cancellation rate of the remaining groups are shown in Figure [1](#F1){ref-type="fig"}.

![Clinical pregnancy rate in fresh transfer cycles and the cycle cancelation rate.](medi-98-e14379-g001){#F1}

According to the trends shown in Figure [1](#F1){ref-type="fig"}, the clinical pregnancy rates were higher than 60% in the groups with 7--9 and with 10--12 retrieved oocytes. However, the clinical pregnancy rate was much less than 60% in the groups for which the number of retrieved oocytes was less than 7. In the groups for which the number of retrieved oocytes was equal to or more than 13, the OHSS risk increased, the cycle cancellation rate increased significantly, and the clinical pregnancy rate was lower than 60%. Therefore, the groups with 7--9 retrieved oocytes and with 10--12 retrieved oocytes were integrated into one group, which was termed the normal ovarian response (NOR) group due to the highest pregnancy rate and lower cycle cancellation rate, with a total of 223 cases. The groups for which the number of retrieved oocytes was less than 7 were also integrated into one group, termed the unexpectedly poor ovarian response (UPOR) group due to the smaller number of retrieved oocytes and the clearly lower clinical pregnancy rates, which were at least decreased by 8% compared with that of the NOR group, with a total of 120 cases. The groups for which the number of retrieved oocytes was greater than 12 were integrated into another group, termed the unexpectedly high ovarian response (UHOR) group for the significantly decreased pregnancy rate, greatly increased cycle cancelation rate due to the high ovarian response, and increased OHSS risk, with a total of 224 cases. Figure [2](#F2){ref-type="fig"} shows the clinical pregnancy rate of the fresh transfer cycle, fresh cycle cancellation rate, cumulative clinical pregnancy rate, cumulative abortion rate, and cumulative live birth rate of the three groups after the consolidations. Those groups whose oocyte retrieval numbers bordered those of the NOR and UHOR groups and with similar fresh transfer cycle clinical pregnancy rates were merged into the respective groups.
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The fresh transfer cycle clinical pregnancy rate was highest in the NOR group (*P* = .057). The cumulative clinical pregnancy rate and cumulative live birth rate showed the following trend: NOR group\>UHOR group\>UPOR group (*P* = .001). The fresh cycle cancellation rate showed the following trend: UHOR group\>NOR group\>UPOR group (*P* \< .0001). The cumulative natural abortion rate showed a clear trend of UHOR group\>UPOR group\>NOR group (*P* = .266).

3.2. Comparison of other related factors
----------------------------------------

After obtaining the abovementioned results, we retrospectively compared the baseline data of the three patient groups. The results showed that although the patients were all \<35 years with normal ovarian reserve function, significant differences in the baseline data were observed. A comparison of the results is shown in Table [1](#T1){ref-type="table"}.

###### 

Comparison of baseline parameters among the three groups.
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The baseline data comparison among the three groups revealed that age followed the trend of UPOR group\>NOR group\>UHOR group (*P* = .0026). Differences in the period of infertility and BMI were not significant. Moreover, baseline FSH levels and the FSH/ LH ratio showed the following trend: UPOR group\>NOR group\>UHOR group (*P* \< .0001). The LH level and AFC showed the same trend: UHOR group\>NOR group\>UPOR group (*P* \< .020).

3.3. Analysis of factors related to ovarian responsiveness
----------------------------------------------------------

The multiple regression analysis was carried out to study the relationship between the above basic parameters and the number of retrieved oocytes. The results showed that the main basic parameters related to the number of retrieved oocytes were patient age, basal FSH, basal LH, and AFC. As the definition of poor ovarian response was that the number of retrieved oocytes was no more than 4, only the basic FSH (*χ*^2^ = 3.865, *P* = .0493) and AFC (*χ*^2^ = 16.011, *P* \< .0001) were related to the ovarian responsiveness. As the definition of ovarian hypo-response was that number of retrieved oocytes was no more than 7, patient age (*χ*^2^ = 6.177, *P* = .0129), basic FSH (*χ*^2^ = 20.585, *P* \< .0001), basic LH (*χ*^2^ = 11.689, *P* = .0006), and AFC (*χ*^2^ = 8.053, *P* = 0.0045) were related to the ovarian responsiveness.

Figure [3](#F3){ref-type="fig"} showed that the Area Under Curve (AUC) of AFC alone was 0.7425, that of FSH alone was 0.6255, that of AFC and FSH combined was 0.7579. The predictive value of AFC combined with FSH was better than that of AFC alone (*P* = .0104).

![ROC curves for poor ovarian response. *Note*: Model means AFC combined with FSH. AFC = antral follicle count, FSH = follicle-stimulating hormone.](medi-98-e14379-g004){#F3}

Figure [4](#F4){ref-type="fig"} showed that the AFC had a relatively high predictive value when viewed as a single predictor, with an AUC of 0.6550 (0.5995--0.7104) and the predictive value of four combined indicators (AUC of 0.7214) was better than that of a single predictor (*P* ≤ .001).

![ROC curves for hypo-response. *Note*: Model means AFC combined FSH, AGE and LH. AFC = antral follicle count, FSH = follicle-stimulating hormone.](medi-98-e14379-g005){#F4}

4. Discussion
=============

This study is the first to report the incidence of unexpected poor ovarian response in women \<35 years with normal ovarian reserve function. The results showed that among the Chinese women \<35 years with normal ovarian reserve function who accepted standard short-acting long-term treatment at our reproductive center, 21.16% of the patients did not achieve the best treatment outcome due to too few retrieved oocytes, and 5.99% of the patients had an extremely poor treatment outcome.

In the past, the studies about poor ovarian response (POR) were mainly focused on women above \>35 years. Because of the ovarian reserve decline associated with age, POR is very common in this population. However, in this study, we found that the incidence of POR in women aged under 35 years is almost as the same as the older ones (the incidence of POR in women \>35 years is about 9%--24%) and usually unexpected. This points out that POR is different from DOR; they are two definitions. A young woman with normal ovarian reserve could experience POR either. For the greater probability of success of assisted reproductive treatment in younger women, the high incidence of UPOR must be paid more attention to.

The definition of UPOR in this research was similar to the diagnostic criteria for low prognosis patient in assisted reproductive technology proposed by POSEIDON in 2016.^\[[@R4]\]^ According to the POSEIDON stratification of low prognosis patients, the first group comprises patients \<35 years with normal ovarian reserve and a poor ovarian response (less than 4 retrieved oocytes) or a suboptimal ovarian response (a retrieved oocyte number between 4 and 9) to the standard controlled ovarian hyperstimulation treatment. The POSEIDON diagnostic standard of ovarian low prognosis emphasizes the consideration of women with normal ovarian reserve but poor ovarian response. In fact, this group of women should be given more attention than women with decreased ovarian reserve and poor ovarian response. Because physicians have more chances to improve the assisted reproductive treatment outcome of the former group of women, who concurrently are likely to sustain greater psychological pressures than older women, the former group particularly aspires to obtain greater assistive reproductive medical attention.^\[[@R10]\]^ This study is based on such perceptions, and the results support the POSEIDON diagnostic criteria for ovarian low prognosis to a certain degree. However, there are still some nuances between our study and the POSEIDON diagnostic criteria, which will require improvement in future research endeavors. The first difference was between the criteria standards for normal ovarian reserve function. The hormone standard used with the POSEIDON diagnostic criteria is an AMH ≥1.2 ng/ml, whereas the study used an FSH \< 10 mIU/ml.^\[[@R11]\]^ The reason for this divergence was that when the included patients underwent IVF treatment, the AMH test had recently been introduced in China and had not been widely used;^\[[@R12]\]^ thus, the FSH test was still being used at this center for this determination. The second difference was in the criteria for the number of retrieved oocytes to define the suboptimal response group. The POSEIDON low ovarian prognosis defined the number of retrieved oocytes as between 4 and 9 as the standard to judge a suboptimal response group. The data from this study showed that when the number of retrieved oocytes was between 4 and 6 for women with normal ovarian reserve function, the assisted reproduction treatment success rate decreased clearly. The differences may be derived from racial differences, age, treatment protocol, and other factors.^\[[@R2]\]^ While POSEIDON proposed definitions of low prognosis patients, the group also indicated that for the diagnostic criteria to be applied in each center, indicators including the 2PN rate and the retrieval rate of mature oocytes at each center might be used to predict how many oocytes might be required from each patient for assisted reproduction treatment success. That is, the POSEIDON diagnostic criteria considered the possibility that various differences among the centers might affect the standard for assessing a low ovarian prognosis. The results of this study also support the existence of such differences.

Evidently, the prognosis of those patients with UPOR might have improved by increasing the initial dose of r-FSH in the subsequent treatment; however, not all patients will have an improved prognosis because the causes of UPOR are not entirely clear. Perhaps such causes are related to polymorphisms of the FSH receptor gene,^\[[@R13],[@R14]\]^ to the polymorphisms of the LH receptor gene,^\[[@R15],[@R16]\]^ or to other unknown factors.

Although the cause of an UPOR may not be known, a poor prognosis may not be completely unpredictable. Our retrospective analysis found that although the patient\'s age, basal FSH, and the number of AFC were in the normal reserve range, the subtle differences between the different groups had statistical significance. Further regression analysis also found that when the definition of poor ovarian response was that the number of retrieved oocytes was no more than 4, only basal FSH and AFC could be used to predict the ovarian responsiveness, but when the definition of ovarian hypo-response was that the number of retrieved oocytes was no more than 7, age, basal FSH, basal LH, and AFC had predictive value on prognosis of COH treatment. The imaging diagnosis is very important in modern medicine,^\[[@R17],[@R18]\]^ especially for the female diseases.^\[[@R19]--[@R21]\]^ In both poor ovarian response group and ovarian hypo-response group, the most powerful single predictive indicator was AFC. However, the most powerful predictive model for UPOR was AFC combined with other indicators, not AFC only. This situation indicates that poor ovarian response may be caused by many factors; DOR is just the most direct reason. So, it is unreasonable to predict ovarian response based on single index in the course of COH treatment, especially only by AFC. Multiple factors should be considered. Moreover, under different diagnostic criteria, the reasons for poor ovarian response varied. Compared with poor ovarian response, the etiology of ovarian hypo-response may be more complicated. In addition, the results of this study suggest that the decline of women\'s ovarian function may be much earlier than the age we are familiar with. It is known that an age of 35 years, or a basal FSH over 10 mIU/ml, or an FSH/LH ratio greater than 2.5, or a base number of antral follicles less than 5 may be used as the divide for the decline of ovarian function.^\[[@R22]\]^ However, the results of this study showed that ovarian functional decline was perhaps already underway when the women had reached 30 years of age or had a basal FSH of more than 7 mIU/ml, or FSH/LH ratio more than 1.5, or with less than 10--13 ovarian follicles. These findings suggest that when the physician encounters patients with such types of ovarian reserve functions, he or she should consider increasing the initial dose of FSH and supplementing LH during the first round of COH, which might maximally avoid an UPOR.

5. Limitation
=============

As mentioned above, the absence of AMH was a limitation of this study. So, we will keep observing this kind of patients to learn the relationship between AMH and UPOR further. Another limitation was the size of sample. It could be noticed obviously that there were only 34 patients in the UPOR group. Compared with the other two groups, the size was quite small. So, similar study with larger size is still needed to test and verify our result.

6. Conclusion
=============

In conclusion, the results of this study show that a substantial number of women \<35 years with normal ovarian reserve function will be affected by an unexpected poor ovarian response. Although the reason for UPOR is not entirely clear, such a response is not entirely unpredictable. The basic evaluation of ovarian function may no longer be simplified into normal and abnormal ovarian reserve functions; rather, by using a detailed numerical analysis of basic parameter, such as basal FSH and LH levels, the ovarian response to ovulation induction may be predicted to some extent. This approach will significantly benefit women undergoing initial IVF treatment.
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